Enhancing the Effectiveness of Diabetes SelfManagement Education: The Diabetes Literacy Project ing population and changing food environments, the prevalence of T2D is set to increase in the years to come [4] . In consequence, diabetes care will represent an even larger proportion of the healthcare expenditure across the EU and elsewhere. In view of these developments, actions to improve the quality of treatment and care of diabetes as well as further preventive measures are called for [5] [6] [7] [8] [9] [10] . This implies that the capacities of the health systems in the EU Member States (EU MS) with regard to treatment and care for diabetes must be strengthened. Presently, 18 of the 28 EU MS have introduced national diabetes plans or policy frameworks. The most successful of these pay attention to psychosocial as well as medical factors, by promoting quality of care and services as well as the enhancement of the autonomy of the patients through therapeutic education [11] . Other crucial success factors include an investment in primary prevention of
Introduction

▼
Diabetes mellitus is the fourth largest cause of death in the European Union (EU). Approximately 32 million people in the EU live with Type 2 Diabetes, many of whom are unaware of their condition. Across Europe, 300 000 people die from diabetes and related complications each year. As the treatment of diabetes is costly, diabetes care takes up a significant amount of the health costs, with a share varying between 5 and 15 % of the total health expenditure depending on the country [1] . Type 2 Diabetes (T2D) is strongly associated with being overweight and obese, the prevalence of which is rapidly increasing in the EU and worldwide both in adults and children [2] . It has been established that even childhood obesity is associated with features of the metabolic syndrome, including insulin resistance and disturbed glucose metabolism [3] . In conjunction with the demographic evolution towards an age-Patient empowerment through self-management education is central to improving the quality of diabetes care and preventing Type 2 Diabetes. Although national programs exist, there is no EUwide strategy for diabetes self-management education, and patients with limited literacy face barriers to effective self-management. The Diabetes Literacy project, initiated with the support of the European Commission, aims to fill this gap. The project investigates the effectiveness of diabetes self-management education, targeting people with or at risk of Type 2 Diabetes in the 28 EU Member States, as part of a comprehensive EU-wide diabetes strategy. National diabetes strategies in the EU, US, Taiwan, and Israel are compared, and diabetes self-management programs inventorized. The costs of the diabetes care pathway are assessed on a per person basis at national level. A comparison is made of the (cost)-effectiveness of different methods for diabetes self-management support, and the moderating role of health literacy, organization of the health services, and implementation fidelity of education programs are considered. Web-based materials are developed and evaluated by randomized trials to evaluate if interactive internet delivery can enhance self-management support for people with lower levels of health literacy. The 3-year project started in December 2012. Several literature reviews have been produced and protocol development and research design are in the final stages. Primary and secondary data collection and analysis take place in 2014. The results will inform policy decisions on improving the prevention, treatment, and care for persons with diabetes across literacy levels. obesity and of lifestyle related diseases, early detection of diabetes, efficient systems for patient follow-up, multidisciplinary competences of health care professionals, and access to educational information and to high quality care services. One of the critical success factors to address diabetes is the investment in the self-management capacity of patients. Because diabetes requires extensive self-care, the capacities of patients to manage their own illness and care process are considered a key determinant of treatment outcomes. To enhance these capacities, education of persons with diabetes is widely recommended. However, whereas an investment in diabetes selfmanagement education (DSME) would seem an effective way to increase effectiveness and reduce the cost of diabetes, several questions must be addressed before the large scale implementation of such education can be recommended as part of a comprehensive diabetes strategy. First, while DSME and lifestyle modification for people with diabetes has been shown to have positive outcomes [12, 13] , the cost-effectiveness of these interventions is not sufficiently substantiated. Previous research suggests that there is a lack of individual cost information at the level of the provider, which makes comparisons at a provider, national and EU level difficult. Second, while the effectiveness of DSME education could be enhanced by methods using information technology (IT) or the involvement of self-help groups, the relative effectiveness of these approaches has not been well researched. Third, the success of a diabetes education program depends on the quality of its implementation, which in the case of diabetes self-management (DSM) has hardly been researched at all. As such, the enhancement of the implementation fidelity (IF), or the degree to which a program is delivered as intended [14] , could optimize the conditions under which DSME is provided, and thus contribute to the effectiveness of these programs. Fourth, the effectiveness of DSME also depends on various patient characteristics. Apart from age, sex and ethnicity, the level of health literacy plays a key role [15] . Low health literacy has been linked to poor health outcomes for a number of conditions, including diabetes. However, while low literacy is likely to impede self-management, its moderating role in improving self-management behaviors in persons with diabetes, especially via internet-based programs, has not yet been systematically investigated. Providing patients with literacy-appropriate diabetes education materials may therefore be an effective strategy for imparting skills necessary for DSM [16] . Finally, the (cost-) effectiveness of DSME also depends on the organization of the health services. Key elements that determine the quality of the health system with regard to treatment and care for diabetes include easy access to care, the availability of professionals with multidisciplinary competences, an efficient information system allowing patient follow-up, and continuous evaluation of care. The Diabetes Literacy (DL) Project aims to investigate these issues with a view to make evidence-based recommendations to increase the effectiveness of DSME, as part of a comprehensive diabetes strategy at EU level. By collecting and analyzing evidence regarding patient education programs targeting people with T2D or at risk of T2D in the EU and 3 selected non-EU countries, it builds an evidence base to inform policy decisions on improving the prevention, treatment and care for persons with diabetes across literacy levels. The specific objectives of the project are to (1) perform a comparative analysis of national diabetes strategies across the 28 EU MS and 3 non-EU nations; (2) compile a compendium of DSME programs in the 28 EU MS; (3) document the existing costing practices for T2D at the national level; (4) develop an appropriate patient level costing methodology for T2D and estimate the comparative cost of T2D education per patient; (5) compare the relative effectiveness and costeffectiveness of existing individual, group, and IT-based DSME and self-help programs; (6) assess the moderating impact of low health literacy on the effectiveness of DSME programs, differentiating between individual, group, IT-based, and self-help programs; (7) assess the role of multidisciplinary competent professionals, patient follow-up systems, and evaluation of services as conditions for DSME effectiveness; (8) assess the role of implementation fidelity for the effectiveness of DSME programs; (9) determine whether interactive and audiovisual features of internet delivery-based DSME education materials can improve engagement and health literacy; and (10) make recommendations for the development of best practice models for DSME as part of a comprehensive diabetes strategy at EU level.
Methods
▼
Structure and general method of the project
The Diabetes Literacy consortium (DL Consortium) involves partners from 6 EU MS (Belgium, Germany, Ireland, Austria, Netherlands, and the UK) and 3 non-EU countries (USA, Israel, and Taiwan). Collaborating partners from Denmark and South Africa also participate in the project (www.diabetesliteracy.eu). The Consortium represents expertise in the fields of diabetology, health services research, public health, health economics, health care costing, health psychology, sociology, health communication, health education and promotion, and health literacy. Formal meetings of the Consortium are organized twice per year.
The project is organized into 9 work packages (WPs) ( • ▶ Fig. 1 ).
The first 2 WP are concerned with the management of the project, with WP1 focusing on the overall management and WP2 on the internal evaluation of the project tasks, to avoid risks and ensure that the objectives will be reached. The other WP are concerned with primary and secondary data collection and analyses to meet the project objectives. WP3 focuses on the analysis of national diabetes strategies and on the inventory of DSME programs. A sample of programs in the inventory will be selected for the other WPs. WP4 develops a patient level costing method for T2D and evaluates the costs of diabetes education at a national level. WP5 compares the (cost-) effectiveness of individual, group, and IT-based DSME programs. WP6 considers the conditions for program effectiveness and the impact of health literacy on program outcomes, while WP7 will analyze the impact of implementation fidelity on DSME programs. WP8 will pilot literacy-appropriate IT-based self-management materials. Finally, WP9 will integrate the results of the different WPs and formulate recommendations for best practice models for DSME and disseminate these to stakeholders at national and EU level.
Comparative analysis of national diabetes strategies and programs
To assess diabetes strategies in the 28 European MS, the project undertakes a comparative analysis involving different diabetesrelated stakeholder groups, with a view to making an annotated compendium of DSME programs in the EU. The variation of DSME programs across the EU helps to identify gaps and barriers in diabetes education management. The comparative analysis is based on information collected by the Diabetes Literacy Survey (DLS), which consists of 2 online instruments in several languages, built consensually by a multiple Delphi process carried out within the consortium. The first instrument is a questionnaire to determine the diabetes education conditions in the EU; the second is an online wiki tool to collect data on existing educational programs for diabetes and pre-diabetes prevention. The survey is conducted in partnership with the Global Diabetes Survey (GDS), which is an initiative to collect data on diabetes care quality on a yearly basis carried out on the initiative of one of the Consortium partners (TU Dresden) [17] . Previous GDS members and the large networks of the DL Consortium are invited through online networking, personal contacts, and public calls to register and complete the DLS online on http://www. globaldiabetessurvey.com/. The aim is to obtain a participation rate of 1 per 100 000 people with diabetes. The target group are all those who are directly or indirectly involved in the care of people with T2D or people at risk of T2D, T2D patients and their families, health professionals and researchers as well as patient organizations. Experiences and insights of the respondents concerning the state of DSME in their region are assessed. The wiki tool serves to collect data on DSME programs from more than one person or organization. Titles of DSME programs are selected from the survey, and participants have the possibility to add, edit, or delete information about a specific program. After completion of the survey, data regarding the survey and wiki will be made anonymous. For country-specific analyses, results will be averaged, since the point of view of the individual actors regarding the care process can differ according to the type of group they belong (patients, care providers, other stakeholders). The training programs recorded on the wiki will be made publicly available to enable searching. Parallel to the survey, a literature search is performed using a wide range of sources to trace DSME programs that have not been evaluated or for which results have not been published. As a next step, experts from the countries that report DSME programs will be invited to validate the information via personal interviews, and the author or main user of the DSME program will be identified and interviewed. This information will then be compiled in the form of a compendium.
Cost analysis of diabetes strategies
In economic and health terms, diabetes is costly to both the individual and the health care system. The Code-2 study involving 8 EU MS estimated direct diabetes-related healthcare costs at € 2 834 per person, per annum [18] . According to the recent IDF Atlas, which estimates the mean diabetes-related expenditures per person with diabetes at world level, expenditures of countries participating in the DL Project range from USD 1 129 (Taiwan) to USD 9 800 (US), and for the EU MS involved in the project between USD 3 994 (UK) and USD 6 667 (Netherlands) [19] . Contrary to diabetes-related expenditure, the cost-effectiveness of DSME and lifestyle modification for people with diabetes has not been sufficiently substantiated. Moreover, the lack of individual patient cost information at provider and national level makes comparisons at national or EU level difficult. To date, cost accounting across the EU has mostly employed a top-down method, whereas bottom up costing methods, in particular activity based costing (ABC), produce higher quality data. ABC is a cost calculation system that allocates costs to activities and resources based on consumption, which can be gathered at the patient level over a full cycle of care [20] [21] [22] . Current costing methodologies seek to relate the patient level costs with the health outcomes for the patient. To understand differences in approaches to costing health care and within and across health systems, the DL Project focuses specifically on the patient level (micro) costs of T2D care in Europe. As a first step, a thematic literature review has been carried out of the ABC methodology as applied to health care services and the derivation of patient level costs. In the second step, existing cost practices across each health system in the 6 EU countries and 3 non-EU countries participating in the DL Project are documented using a mixed methods approach involving qualitative expert interviews of national costing practices and survey data collection of cost allocation methods in clinical settings. In order to collect cost allocation information in a uniform way, we will administer an online survey of cost allocation methods which is comparable to the Materiality and Quality Score (MAQS) of the UK based Healthcare Financial Management Association (HFMA) [23] . Based on step 1, we propose an appropriate patient level costing method for T2D underpinned by activity based costing principles. This method is in the first instance applied in Ireland, whereby a cost analysis of the existing T2D care pathways is currently being conducted in the diabetes clinics of an acute care setting and a community care setting. Differences in care-related activity, time, resource consumption, and cost of care provision will be shown between exemplar clinical cases of T2D patients who illustrate different levels of acuity. In a final step, we will apply this costing method in selected countries of the project Consortium. Following the application and further model refinement, we will then propose a best-practice patient-level costing model for T2D.
Effectiveness of DSME programs
An important objective of the DL Project is to evaluate DSME programs with regard to their effectiveness and cost-effectiveness. This will be accomplished by a pre-post evaluation study of 4 different kinds of programs, distinct by their mode of delivery: (a) individual education in one-on-one sessions, (b) groupbased education, (c) self-help groups, and (d) IT and web-based education. An assessment of the literature shows that existing studies do not allow to conclude whether certain channels for T2D DSME interventions are more effective than others. This is mainly due to the large disparity of outcome measures used, along with a wide range of psychological, social, behavioral, clinical and wellbeing outcomes. To achieve more consistency, the current project developed a Diabetes Self-Management Outcome Framework (DSMOF). This framework incorporates the 7 health care behaviors that are at the core of the AADE7 framework developed by the American Association of Diabetes Educators (AADE) [24] , which is essentially an attempt to order possible DSM outcomes according to when they are measurable. However, as other categories in the AADE framework are not as distinctive to assess the nonbehavioral outcomes that are often reported in evaluations of diabetes interventions, the DSMOF takes a broader approach and considers elements at 4 levels: (a) program form, such as program content and other characteristics; (b) first-order outcomes, which refer to strategies that are related to the change process of individuals and individual DSM dispositions; (c) behavioral outcomes, referring to the AADE7 behaviors; and (d) clinical and psychological outcomes, as a more distal outcome level. Using this framework, outcomes indicators have been selected for inclusion in a controlled pre-post evaluation study that will assess and compare the impact of different delivery modes of DSM programs (individual, group-based, self-help, IT-based) in terms of different outcomes. Data will be collected in different programs across countries, whereby sites will be pooled for the analysis. As the success of the trial also depends on external circumstances such as the existence and access to eligible programs, a more general aim is to compare interventions that involve individual education with interventions that do not.
The role of health literacy
An important element in evaluation of effectiveness of DSM programs will be health literacy. Health literacy is linked to literacy and entails people's knowledge, and competences to access, understand, appraise, and apply health information in order to make judgments and take decisions in everyday life concerning healthcare, disease prevention and health promotion to maintain or improve quality of life during the life course [25] . There is a growing body of research linking poor health literacy to increased use of services, poor adherence to medical instructions, poorer health status, and higher mortality [26] . As such, inadequate health literacy contributes to the disproportionate burden of diabetes-related problems among those affected [27] . Persons with diabetes and with limited health literacy are also less likely to access internet-based patient information [28] , which means that those most at risk will fall further behind if health systems increasingly rely on nontailored internet-based services. To assess the impact of low health literacy on program outcomes, the project will use the Short Form of the European Health Literacy Survey Questionnaire (HLS-EU-Q) [29] to measure the level of health literacy of the patients participating in the programs selected for the pre-post evaluation study, and relate it to the outcome measures.
Organization of diabetes care
At program level, the conditions for effectiveness in the organization of diabetes care will also be studied. Of particular interest is the role of multi-disciplinarily among staff, patient follow-up and the design of the DSME services. To complement the results of the DLS and wiki, an in-depth analysis will be performed of selected programs that seem to perform well on a number of indicators. Qualitative semi-structured interviews will be used with a focus on particular enabling and hindering organizational factors influencing conditions for program effectiveness.
Implementation fidelity of DSME
The success of a DSME program not only depends on the strategy that is used, but also on the quality with which it is implemented. A key element of implementation quality is its fidelity, or the degree to which the intervention is delivered as intended [14] . The principal component of IF is adherence, the degree to which the active ingredients of the intervention have been delivered to the participants with the planned frequency, duration and intensity. The level of IF is moderated by interrelated variables. Important variables are (a) intervention complexity, (b) facilitation strategies, (c) provider characteristics, (d) participant responsiveness, (e) participant recruitment; and (f) the cultural and organizational context [30] . Existing reviews of studies of DSME indicate that program guidelines are often poorly implemented, and that studies seldom provide sufficient detail of the implementation to consider replication [31] . As such, having information about the IF can help to understand why the intervention was successful or not. In addition, it can help to identify which components have been adapted and how these adaptations have influenced the outcomes [32] . Therefore, the DL project will develop an assessment tool to operationalize relevant IF dimensions for DSME programs, using documentation complemented by information deriving from telephone interviews with key informants. The results in terms of adherence, exposure, program delivery, participant responsiveness, recruitment and context will be related to the effectiveness of the programs concerned.
Web-based support for DSME
Access to and use of the internet via PC or mobile phone is becoming very common, even among relatively disadvantaged groups. However, previous studies of web-based DSM materials for people with lower levels of health literacy have had mixed results, and there are important unanswered questions about how best to meet the needs of this population. As it is expected that in the future IT-based DSME interventions will increase, one of the objectives of the DL Project is to determine how to make internet-delivered support accessible and engaging for people with lower levels of health literacy. In particular, the project will examine the potential for web-based materials and tools to provide enhanced support by (a) tailoring the material to the particular needs, abilities and perspective of the user; (b) employing engaging audio-visual presentation and quiz formats; and (c) providing simple interactive tools to support selfmanagement tasks. As a first step, core components of web-based patient self-management resources to increase motivation and confidence to increase physical activity have been selected, based on the input of an expert panel of members of the DL Consortium, clinicians, and patient representatives from the participating countries in the project. In a second task, web-based materials that can be accessed by PC are being developed in English and German, using the LifeGuide software which permits rapid duplication and modification of web-based interventions without the requirement for extensive programming [33] . To gain an in-depth understanding of users' views and usage of the materials and tools, a series of qualitative analyses will be undertaken, including observational think-aloud studies. The study will explore how people with varying levels of health literacy experience different online formats of delivering health information. Think aloud procedures allow the researchers to identify problems and barriers the user might experience while using the website [34] . To ensure a sufficient range of views, the sample of patients with diabetes from different countries will include a varied profile of participants including different times since diagnosis of T2D and different levels of health literacy. The finalized materials (website) will be evaluated in a series of small randomized trials, assessing if the interactive and audiovisual features of internet delivery improve engagement and health literacy, particularly in people with lower levels of health literacy. Persons with T2D from primary and specialty care and self-help group web-sites will be recruited, over-sampling from deprived areas to ensure adequate representation of people with low health literacy levels. The control group will receive the same information, but without any interactivity or audiovisual content. This will be a proof-of-concept study that will seek to demonstrate immediate effects on user engagement and changes in known predictors of behavior.
Conclusions
▼
Diabetes requires extensive self-care, and the self-management capacity of patients is considered critical for successful diabetes management. To improve the effectiveness of diabetes management education, the DL Project will perform a comparative analysis of diabetes strategies in the EU, assess patient level costs of T2D care using the principles of activity based costing, conduct an evaluation study to assess whether certain DSME formats are more effective than others, and consider organizational conditions and implementation quality on program effectiveness. As patients with limited health literacy have been shown to struggle with diabetes self-management, the project will also consider the impact of health literacy on program effectiveness and examine the potential for web-based materials to be used in DSME programs for people with lower levels of health literacy. The findings of the project will be translated into recommendations for policies, through policy dialogues, a conference, and discussions with national and EU stakeholders from practice, policy and research. By contributing to the evidence base to increase the effectiveness of diabetes self-management education in the EU Member States, the results of the project will give input for policy decisions on improving the treatment and care of different patient groups as well as the prevention of diabetes. The results will be used to formulate recommendations for the development of best practice models for DSME that can be used in the development of a comprehensive diabetes strategy at EU level for patients of varying literacy levels. Improving diabetes literacy through diabetes self-management education must be a focus to effectively fight the consequences of the growing number of people suffering with diabetes and to increase the quality of care of diabetes while maintaining costs. Since the role of self-management is not only of great significance for patients with diabetes but extends to other chronic diseases as well, the recommendations and focus on patient education and health literacy in the DL Project can also be extended and applied to other chronic diseases. Therefore, the results of this project will be actively disseminated to scientists, health professionals, patient organizations, policy makers, and other stakeholders.
